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1 Introduction 



The problem of ambiguity in the choice of a gauge condition in nonabelian gauge 
theories is usually associated with the massless Yang-Mills field pQ, [2]. In this case 
the problem of ambiguity is somewhat academic, as the scattering matrix acting in 
the space of color asymptotic states does not exist because of infrared singularities 
and the notion of unitarity in the asymptotic space makes no sense. 

However the question about an ambiguity in the choice of a gauge condition arises 
also in the Higgs-Kibble model [3], [I], where infrared singularities are absent and 
the scattering matrix is well defined in asymptotic space. But the Higgs model in 
renormalizable gauges like d^A^ = suffers from the same ambiguity problems as the 
pure Yang-Mills theory. In the unitary gauge the ambiguity may be easily removed 
by a redefinition of the fields, but the theory in this gauge is not renormalizable. 

Recently in the papers ([5], [6], [7]) the new formulation of the Yang- Mills theory 
was proposed, which allows a unique fixation of the gauge. Therefore the quantiza- 
tion in this gauge makes sense both in perturbation theory and beyond it. Moreover 
in the paper ( [T] ) it was shown that the perturbation theory in the ambiguity-free 
gauge is renormalizable, however the renormalization is not reduced to a multiplica- 
tive redefinition of the parameters of the effective action but includes nonmultiplica- 
tive redefinition of the fields. 

In this paper a similar procedure will be constructed for the Higgs-Kibble model. 
We shall show that this model may be formulated in a fashion, analogous to the 
one proposed in the papers (j5], [6], [7])for the pure Yang-Mills field. A possibility 
of a unique choice of the gauge arises, and the perturbation theory in this gauge is 
explicitly renormalizable. 



2 The Higgs-Kibble model in the ambiguity free 
gauge 

We start with the explicitly gauge invariant model, described by the Lagrangian 



In the present paper we refer to the gauge group SU(2), however the construction 
can be generalized to other groups. Here the field (p is a complex doublet describing 
the Higgs meson, and the fields are auxiliary fields which form analogous 

doublets, conveniently parametrized by the Hermitean components 



The scalar fields b and e may be also described by the complex doublets, however 
their components are anticommuting and to provide Hermiticity of the Lagrangian 



L 



+(ZV)*(A^)-A%>-^ 2 ) 2 

-[(2yOW) + P/*e)W)]- 



(1) 




(2) 
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([I]) it is necessary to take the components of the field b antihermitean. denotes 
the usual covariant derivative. 

It is easy to see that in the vacuum sector for the fields ^ , b, e the path integral 
for the scattering matrix corresponding to the Lagrangian ([T]) reduces to the path 
integral for the usual Higgs-Kibble model. In the integral 

exp{i J L d 4 x}dfx (3) 

where dfi includes also the product of the differentials of the auxiliary fields (p±, b, e, 
one may integrate explicitly over these fields. After that the integral ([3]) coincides 
with the path integral for the Higgs-Kibble model. 

We however are going to do in the Lagrangian ([T]) a shift of the fields (p and , 
leading to a spontaneous breaking of the symmetry. Such a transformation is not 
an admissible change of variables in the integral ([3]), as it changes the asymptotic 
values of the integration variables. Therefore the unitarity of the "shifted" theory 
requires a special study. 

After the shift 

(p~(x) —> <p~(x) — rh\ <p(x) — > <f(x) — fi (4) 
where rh and fx are the constant spinors 

rh=(0,m/g); fx=(0,Li/g) (5) 
the Lagrangian ([T]) acquires the form 

-[(£>+)*(£>» + (D^m)*D tl i P +] 
-\{D,by{D»e) + (D,eY(D,b)] + (D^y(D^) 
-\{D^y{D,fi) + {D^y{D^)] 
+ (D^y(D^) - X 2 [( V - fx)*{<p -fi) - . (6) 

The last terms in this equation, starting from the term {D ^ip)* \D ^ip) coincide iden- 
tically with the corresponding terms of the Higgs-Kibble model. In particular the 
presence of the term (D ^fx)* (D ^fx) results in the mass term for the Yang-Mills field 
ti— A a A a 

The Lagrangian ([6]) being obtained by the shift from the gauge invariant la- 
grangian ([1]) obviously is invariant with respect to the "shifted" gauge transforma- 
tions. In particular the fields ip°L and ip a are transformed as follows 

5(p a _ = mr] a + ^e abc <p b _r] c + |y£ V a 

5 V a = m a + f e af> VV + (7) 

As the fields i p a and (p°L under the gauge transformations are shifted by arbitrary 
functions mrj a and iirf one can impose a gauge condition on any of these fields. 
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If one makes firstly in the classical Lagrangian the following change of variables 

V, =— (expA-1); <P- = M^- 
g 2m 

e = M _1 e; b = Mb (8) 



where 

and impose the gauge condition 

(p a _ = (10) 

then under the gauge transformations 

5(p a _ = mrf (11) 

and Gribov ambiguity is absent. 

The effective Lagrangian in the gauge ffTUl) looks as follows 



+m^c^ - [((Dj>y + J-Vd^iD^e - ^ed,h) + h.c. 



+ gd,hA> a + + y A 1 A 1 + + ■■■ (12) 

Out of the terms which arise in the Higgs-Kibble model after the shift of the field 
(p° we have only displayed explicitly in eq. (H2j) the mass term for the gauge field and 
the Goldstone- gauge boson bilinear. The other terms are denoted by .... 

As one sees the free Lagrangian corresponding to (112p differs from the free La- 
grangian corresponding to the massless Yang-Mills field by the presence of the mass 
term ^A^A 1 ^, the mixed term [np a d ll A a and the free Lagrangian for the Higgs field 
ip. The mixed term may be removed by the change of variables 

~a . ~a A* ,„a 

m 

Resulting free propagators look as follows 
A(b°e°) = - 2 , A(b a e b ) = ^ ±(^ = —1—, AfoV) = 8 ah - 2 (14) 

pZ pZ pA _ pA 

Here T^ v is the transversal projector. We also set = 4A 2 /^ 2 for the mass squared 
of the physical Higgs mode. It is not difficult to calculate the divergency index of 
an arbitrary diagram. It is equal to 

n — 4 — 2X^0 - 2L ip a + - L A - L e - L b - L h - L^a - L^o (15) 

The divergent diagrams may have no more than four external lines, that is the 
model is manifestly renormalizable. 
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3 Unitarity 



The Lagrangian obtained from eq.(E]) after the change (j4j) includes a number of 
unphysical exitations corresponding to the ghost fields tp\ , (p+, h, (p a , e, b and zero 
components of the Yang-Mills field. It is necessary to show that the scattering matrix 
nevertheless is unitary in the physical sector which includes only three components 
of the massive Yang-Mills field and one massive Higgs scalar. 

As in the case of the massless Yang-Mills theory the crucial role here is played by 
the supersymmetry of the Lagrangian ([T]). This Lagrangian is invariant with respect 
to the supersymmetry transformations 



Stp a _ = 


-b a 


6<p°_ = 


-b° 


Se a = 


¥>+ 


6e° = 




6b 


= 


8tp + 


= 



(16) 

In terms of the variables (p the supersymmetry transformations acquire the form 

Sh = -b° 

5(p a _ = -b a + ^-(p a JP 
2m 

5e a = <p° + — e a b° 
2m 

SB = (pi + J-e°b° 
2m 

5b a = — —b a b° 
2m 

5~b° = (17) 

The Lagrangian (jSJ) after the change of variables (jHJ) is invariant with respect 
to the corresponding BRST transformation and the supersymmetry transformation 
f fTT|) . Obviously it is also invariant with respect to the simultaneous change of the 
fields combining these two transformations. It allows to use instead of the canonical 
gauge fixing the following gauge fixing 

s 1 [ d 4 x c a q> a _ = [ d 4 x(X a ^ - c a (M ab c b - b a )) , (18) 



where S\ is the nilpotent operator, similar to the BRST operator, defined by the 
gauge transformation, leaving invariant the Lagrangian (JBJwritten in terms of the 
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transformed variables and 



[ Sl c) a = - 9 -e abc c b c c 



( Sl c) a = X a 

( Sl X) a = 0. (19) 

Note that this modification does not change our conclusion about the renormaliz- 
ability of the theory. 

Therefore the scattering matrix is given by the path integral 

S = J exp{« J [L + \ a <p a + mc a c a + b a c a }d A x}d^ (20) 

where the boundary conditions are imposed on all the fields entering the effective 
action except for the ultralocal ghost fields c, c, A. Performing explicit integration 
over c a ,c a we obtain in the exponent the effective action which is invariant with 
respect to the modified BRST transformations corresponding to the usual BRST 
transformations and the supersymmetry transformations (fTTj) after the substitution 

c a = i 1 . 

m 

SAl = i(2>„6)« 
80 a _ = 
Sh = -b° 

Se a = -®-{e a b° - e% a - e abc e b b c ) + Cp a , 
2m 

5~b° = 

5e° = — (?6° + e°&°) + <3° 
2m 

5b a = — —e abc b b b c 
2m 

Sep* = fi- + ^-e abc (p b b a + T^V 
m 2m 2m 

5ip° = -^-b a cp a (21) 
Y 2m Y y ' 

The invariance of the effective action with respect to the transformation f [2Tl) ac- 
cording to Noether theorem leads to the existence of the conserved nilpotent charge 
Q, which allows to separate the physical space by requiring its annihilation by the 
operator Q: 

Q\$ > P hys = (22) 

where |<& > p h ys cannot be presented in the form 

|$ > P hys= Q|* > ■ (23) 
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For asymptotic states this condition is reduced to 



Q°|$> as =0, |$WQ°|^>, (24) 
where Q° is the free charge acting on the fields as follows 

f) h a 

Q°A« = 
^ m 

Q°e a = g> a + 
Q°(p% = 

la 

Q f = — 

m 

Q°b a = 

QV = o 

Q°e° = y5° + 

QV + = o 
Q°h = -b° 

Q°b° = (25) 

If one identifies the field e a with the antighost field c a in the ordinary Higgs-Kibble 
model, and the field — h a with the ghost field c a , the first six transformations coin- 
cide with the BRST transformations in the Higgs-Kibble model, thus providing the 
decoupling of the fields , e a , b a , ip a and unphysical components of the Yang-Mills 
field from the physical states. The remaining transformations provide the decou- 
pling of the fields e°, h, b°, </?° . Ultralocal fields X a ,c a ,c a do not contribute to the 
asymptotic states. 

Therefore our model has the same spectrum of observables as the standard Higgs- 
Kibble model. However to conclude that our model is equivalent to the usual one, 
one should prove that renormalization preserves the formal relations obtained above. 



4 Renormalization 

The action S = J d 4 x L, where L denotes the effective Lagrangian corresponding to 
the effective action in the exponent of (1201) after integration over c, c, is invariant 
under the transformations eq. (1211) and under a global SU(2) symmetry of the fields 
A™, tp+, e, b, (p. However there are further terms that respect the invariance under the 
transformations (121]) and the residual global SU(2) invariance and are not forbidden 
by power counting. The first one does not involve the Higgs doublet tp and is common 
to the massless Yang-Mills theory quantized in the ambiguity-free gauge [7] 



(fx 



($1? + (vl? + -(p° + (e°b + e a b a ) + -<p a Je a b° - eV - e abc e b b c ) 
m m 



- -2— ( - m°b° + e a b a )e b b b + e abc e°b b e c b a - e abc e b b°e c V 
2m 2 V 



(26) 
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Eq. (!26|) holds in the gauge (p a = 0. It can be made gauge-invariant by performing 
the substitution 



0° + -+ 0° + + 7^(p a -F + , 



e° e° 



9 ~a 7 a 



2m 



,~k a \ ,~k a 9 ,~k a ,^0 i 9 ^abc-b ~c 

e a ^e a - + -^-e abc ^ b _e c , 

2m 2m 

b a 6« - JL^&° + -^- e abc (p h l c . 
2m 2m 



(27) 



This yields 



A further solution exists 



-^-e abc m b _m c . + ^-(g a 6° - e°b a - e abc e b b c " 
2m 2m 



(28) 



Si 



+ ^(e a b a + e°& )[(<p - £)*(*> - A) - A* a ] 



(29) 



It can be made gauge- invariant by performing the substitution eq. f)27p . This yields 

Qi = |^((^ + + ^« a + )[(^-/i)*(^-/i)-^] 

+ ^(e a b a + e°b°)[^ - /*)*(*> -ft- /i 2 ]) . (30) 
The new effective action becomes 



-4, 



eff 



III 



mg 



d"xL + —aG + -^pg 1 . 



(31) 



2 2 

The factors of m in the above equation have been inserted for dimensional reasons. 
a and are dimensionless free parameters. 
The quadratic part of A e ff is 

,2 



+m(p%dA a + i^ a d^ a + |m 2 (^) 2 



M am 

H vl + P»™p o 0t + —(0o f ~ 00™ + d^ a d^b c 



where a ranges over 0, a. We get the following non- vanishing propagators: 



(32) 



H A lK) 



ab 



1 



-T 



9 1 V v 



— T 

p2 ^ y 



A(^ 



^4 



raft 2V 



jX 



06 



p- 



(33) 



They are the same as those obtained in the Higgs-Kibble model in the Lorentz 
covariant a-gauge once (p~^ is identified with the Nakanishi-Lautrup field. Hence in 
this sector the physical fields coincide with the physical fields in the corresponding 
sector of the ordinary Higgs-Kibble model, that is include three components of the 



massive vector field A^. 



The non- vanishing propagators in the sector spanned by the fields h, 0$, y?o are 
given by 



iam 2 if3 2 m 2 ji 2 a/l-on * 
'~p r ~ p 4 (p 2 - M 2 H ) ' ^ hv + ) = f' 



p z {p z — Mjj) p z — Mjj p z 



The new terms in eq.( )3T|) do not modify the structure of the nilpotent charge 
Q° in eq. pijl . Thus physical unitarity follows as in Sect. |3] and we conclude that 
the only physical states are the three components of the massive gauge field and the 
massive scalar Higgs particle. 

Additional divergencies are presented by the tadpole term 



T = d A x 



(<p - fr)*(<p - fi) - fx 2 . (35) 

and the similar term for (p° + . To fulfill all the symmetries of the theory it must have 
the form 

Xt= I d ' x {-L { " a ~ ha + e ~ V) + & + ■ ^ 

So we are finally led to study the following effective action 

A' eff = Jd 4 xC+ ^aG + ^/3& + tT + tit . (37) 

The invariant in eq. (|35l) allows to adopt the normalization condition on the 1-PI 
vertex functional 

5T , . 

(38) 



5(p 



to all orders in the loop expansion. This is the choice adopted at tree level in eq.flT]). 

Therefore the physical asymptotic sector includes three components of the mas- 
sive vector field and one massive scalar. 

The renormalizability of the theory after inclusion of the terms ( I26|29"|) follows 
directly from the Feynman rules in the effective action ( 1371) and the propagators 
(13311341) which lead to the same expression for the divergency index as before. 
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5 Structure of the counterterms 



In this Section we will prove that the UV divergences of the theory can be removed 
only by changing the values of the parameters entering into the effective action 
( 1371) (modulo field redefinitions). Moreover this procedure does not violate the 
symmetries of theory, i.e. the invariance generated by the transformation in eq. (l2T]) 
and the residual global SU(2) symmetry. 

In order to study the structure of the counterterms in the gauge (p a _ = let 
us introduce the tree-level vertex functional T^, including apart from the classical 
action A' e ^ in eq.( )37p also the variation of the fields $ under the transformation 
(12 ip. coupled to the external sources $* (the antifields |8J). Then the invariance 
under the transformation (T2"Tj) is translated into the following functional identity 

s ^ = I^s¥^)sW)=°- < 39) 

The vertex functionl T can be developed in the number of loops, i.e. T = Y^JLo ■ 
Assuming that a gauge-invariant regularization exists, the effective action f in- 
cluding all the counterterms also fulfills the same functional identity 

«S(f ) = . (40) 

In addition the residual global SU(2) invariance is also respected. By taking into ac- 
count power-counting bounds the most general solution to eq. (1401) which is invariant 
under the residual global SU(2) symmetry is obtained from upon redefinition 
of the free parameters 

Z 

g = Z g g , rri = Z m m , t' = Z t t , t' = Ztf , a' = — |a , 

$ = ^r^ * = zx\ (41) 

and by performing a field redefinition which preserves the residual global SU(2) 
invariance and the UV counting 

e'^Z 1 e, b' = Zj, A^ = Z 2 A a ^ ti = Z m Z 3 h : 

(pi = Z^ a , + Z 5 dA a + Z 6 -d„hA a » + Z 7 (e°b a - e%° - e abc e b b c ) , 

m 

ip ' = Z 8 ^° + + Z g -Dh + Zto-^d^h + Z U A 2 + Z 12 (e°b° + e a b a ) 



+ z 2 



( Vo + fl f + v l-^ . (42) 



In the above equation we have kept the notation of capital Z's for those field re- 
definition constants which are common with the massless YM case [7j. Moreover 
we have introduced small z's for the new field redefinitions. One should notice 
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that the residual global SU(2) symmetry imposes several non-trivial constraints: it 
forbids a term proportional to the gradient of ip a in the redefinition of the gauge 
field A ^ (which on the contrary is present in the standard 't Hooft gauge since 
the latter breaks explicitly the residual global SU(2) symmetry) and excludes the 
appearance of terms proportional to (p a and (p°(p a in the redefinition of (p a +) which 
would be otherwise allowed by the power-counting. Moreover it selects the invariant 
((tp + fi) 2 + {pl~ /i 2 ) as the unique combination which can enter the field redefinition 

The field redefinition in eq. ( I42p must be implemented without violating the func- 
tional identity (HP]) . A convenient way is to make use of canonical transformations 
as in [7] . For that purpose we rewrite the functional identity ( I40p by means of the 
following bracket [9] 

(x,y) = J {§§-(-v m+1 w%) (43) 

■' 'I' 

where e denotes the statistics (1 for fermions, for bosons). In terms of the bracket 
(j4"51) one has 

5(r) = i(r,r) = o. (44) 

Under eq. (!43p the fields and the antifields are paired via the fundamental brackets 

(<^<&;) = (-l) e( *'V (45) 

The conventions on the antifields differs from the one of [9] by the redefinition 
$* ->■ (-1) £ (*)$*, whence the sign factor in the r.h.s. of the above equation. 

A redefinition of the fields and the antifields respecting eq. (|45|) preserves the 
bracket between any two functionals X, Y and hence also the functional identity 
PHI) . Such a redefinition is called a canonical transformation (w.r.t. the bracket 



The easiest way to work out the appropriate canonical transformation is to 
make use of the finite canonical transformation generated by the functional G = 
J d A x l) e( "* ■ )( &* 0- The field transformations fix the dependence of G 

on the new antifields, while the antifield redefinitions are obtained by solving the 
equations 

By explicit computation one finds 

e°* = Z^ *' + Z 7 ^ a + *'b a + Z 12 <p°+b , 

~a* = Zi ~a*' _ Z^'tf + Z 7£ abc~b*'lc + Z l2 (p°*'b a , 



11, 



A a ; = z 2 A a ;' - z 5 d^+ + ^ + 2Z 11 0° + *'a^ , 

0* „ ,„0*' i o~ I i ,.V„0*' , „a* ~ ,„a*' i o~ ,~o,,J)*' 



11 



~a* ry ~a*' ~0* ry ~0*' 

ip + = Z 4 ip + , tp + = Z 8 ip + , 

b a * = -Z 7 <p a /e° + Z 7 s abc v+e c - Z l2 f^'~e a + Z m b a *' , 
~b°* = Z 7 <p a + *'e a - Z 12 ^'e° + ZjP*' , 

m m m 

- 2^D^°*' - 2^d^'d,h + Z m Z 3 // . (47) 

Consequently the functional 

fy, m', t', t', a', (3', A'; $*'] = r< ) [Z g <?, Z m m, Z t t, Z ? t, Z a /Z 2 m a, Zp/Z g Z m (3, Z X X; 

$($'), $*($',$*')] (48) 

is the most general solution to eq. (JlO]) compatible with power-counting bounds. One 
can verify it by explicit calculations. 

It finally remains to be shown that the UV divergences can be recursively reab- 
sorbed by a change in the parameters Z g , Z m , Z t , Zp, Z a , Zp, Z\ and field renormal- 
ization constants Zj, j = 1, . . . , 12, Zj, j = 1, 2, order by order in the loop expansion. 
This technical proof is left to Appendix A. 



6 Comparison with the usual formulation. 

We proved above that the renormalized Higgs-Kibble model is described by the 
gauge invariant Lagrangian and generates the scattering matrix which is unitary 
in the space including three components of the massive Yang-Mills field and one 
massive scalar particle. 

Now we show that in the framework of perturbation theory the scattering ma- 
trix obtained above may be transformed to the ususal renormalizable gauges, or 
to nonrenormalizable unitary gauge. The comparison of our formulation with the 
standard one exactly coincides with the corresponding procedure for the Yang- Mills 
theory [7] . For that reason we shall not repeat the proof. As in the Yang-Mills case 
our scattering matrix may be presented as the path integral 

S = J exp{z j '[L gA Xx) + \ a tp a _}d 4 x} det(M ab )d/i , (49) 

where L g ^ denotes the gauge invariant Lagrangian entering the effective action fl37|) . 
and 

det(M a6 )- 1 |^ =0 = j 5(((p n ) a )dtt (50) 

and the vacuum boundary conditions may be adopted for the auxilliary fields <p±, e, b. 
Multiplying the integral (ggj by " 1" 

1 = A L f 5(d^)dn (51) 
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and changing the variables $ — > $ we arrive to the expression for the scattering 
matrix in the gauge d^A^ = 0: 



As the vacuum boundary conditions were adopted for the fields (p±, e, b, we can 
integrate out all these fields and obtain the standard expression for the scattering 
matrix of the Higgs-Kibble model in the gauge d^A^ = 0. In the same way one 
can consider (again in the framework of perturbation theory) other renormalizable 
gauges. 

Finally we mention that the independence on the choice of the gauge holds also 
for expectation values of other gauge invariant operators. 

7 Discussion 

In this paper we showed that the Higgs-Kibble model may be formulated in the close 
analogy with the pure Yang-Mills theory. The corresponding theory is renormaliz- 
able and ambiguity free. Hence we conclude that the appearance of the ambiguity 
in the standard procedure is the artefact of the quantization procedure. Of course 
the final answer to the question of the physical importance of the Gribov ambiguity 
may be given only beyond perturbation theory. 
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A Recursive Removal of the UV Divergences 

In this Appendix we show that the UV divergences of the model can be reab- 
sorbed order by order in the loop expansion by a suitable choice of the parame- 
ters Z g , Z m , Z t ,Z a ,Zp, Z\ and field renormalization constants Zj, j = 1, ... ,12, Zj, 



The proof closely parallels the one already presented in [7] for the massless Yang- 
Mills theory and thus we will only sketch the main points here. 

Suppose that the subtraction of the divergences has been performed up to order 
n — 1 in the loop expansion while preserving the residual global 577(2) invariance 
and eq. (J3"9]) . Then at order n eq. ([3ll gives 
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exp{z / [L gA .(x) + X a (x)d fl A a ^(x) + d^c a (D^c) a ]d 4 x}dfi 



(52) 



J = 1,2. 



5b(rW) = / d*x £ ( 



£T(o) 5 ST® 5 



) 




n-l 



(53) 
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The second line of the above equation is finite since it contains only lower order 
terms which have already been subtracted. Hence one gets the following equation 
for the divergent part T^l at order n 

So(r2) = 0. (54) 



The operator So is defined by the first line of eq. fl53|) . Since the antifield $* is 
coupled in 1^°) to the transformation of the field $ in eq. fl2T|) . the <So- variation of $ 
coincides with 5$ in eq. (J2 1 p : 

<$r(°) 

5 $ = — = 5$ . (55) 

From eq. fl53|) one also sees that S acts on the antifield $* by mapping it into the 
classical e.o.m. of $, namely 

<JT(o) 

<So** = — . (56) 

Sq is nilpotent, as a consequence of the nilpotency of 5 and the validity of the 
functional identity eq. (l39l) for T^°\ 

The most general solution to eq. (1541) can be written as 

T$!, = A + S B (57) 

where A cannot be presented in the form SqC , with C a local functional. r( n ) is 
invariant under the global residual SU(2) symmetry preserved by the regularization. 
Since r' n ) is a Lorentz invariant functional, the functionals A and B also possess 
this invariance. 

There is a general strategy for obtaining the most general solution of the A- 
type. This relies on the evaluation of the cohomology Hr(So) p2] of the nilpotent 
operator Sq in the space T of Lorentz- and global S"?7(2)-invariant local functionals 
with dimension bounded by the power-counting. Hj^(S ) is defined as the quotient 
of the latter functional space w.r.t. to the equivalence relation 

X ~F X -Y = S (C) (58) 

for some Lorentz- and global S{7(2)-invariant local functional C. 

The first step in the computation of T-Lf{Sq) is the identification of the so-called 
doublet variables. A pair of variables u, v such that Sou = v , Sqv = is called a So- 
doublet. Their importance stems from the fact that the dependence on u, v can only 
happen via the term S$B in eq. ( 157]) , as a consequence of a general theorem valid for 
nilpotent differentials [H1[T3]. It is easy to see that the pairs (h, —b°), (e a , ^(e a b° — 
~o~ h a _ £ abc~b~ h c^ + ~a ^ JL(e a b a + e°6°) + (p\) satisfy the definition of ^-doublets. 
Moreover the doublet partners of e°, e a are in one-to-one correspondence with (p° + , (p+ 
(via an invertible field redefinition). Hence we conclude that the dependence of the 
most general solution to eq.( |54l) on h,e a ,e° and b°, <p+, (p° + is confined to the term 
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SqB. We remark that a similar result also holds in the massless Yang-Mills theory 
in the ambiguity-free gauge [TJ. 

Since the dependence on the doublets is confined to the iSo-B-sector, we can now 
consider the restriction of So to the subspace without doublets (and their antifields). 

In this latter subspace the action of Sq is the same as the one of the standard 
gauge BRST transformation of the Higgs model for the gauge group SU(2), once 
one identifies the SU(2) BRST ghosts with ^-b a , as was done in eq.(12T]). 

By taking into account power-counting bounds, the class of A-type solutions is 
exhausted by the gauge-invariant polynomials in the gauge field and the Higgs 
doublet ip of dimension less or equal than four [12], i.e. 

r£2 = / d'x (a { r ] F^ + a^(D^y(D^) 

+ 4 n \<p*<p-S)' + <£\<p*<p-fj). (59) 

The divergent coefficients can be reabsorbed by a redefinition of Z g , Z x and 
Z t respectively. 

The enumeration of the solutions of the type SqB goes as follows. There are two 
classes of this kind of solutions: those which do not depend on the antifields and 
those which depend on the antifields. The first ones are obtained in terms of the 
following operator insertions 

where 5Z&\ 5Z%\ 8Zf\ 8Zf are divergent coefficients of order n. They can be 
reabsorbed by a redefinition of Z m , Z ai Zp, Zi respectively. 

The invariants of the iSo-B-type involving the antifields are of the form (no sum 
over $) 



(n) 



J d t xS (&F j ($))=w< i n) J d^FM^-^So®) (61) 



where again the divergent coefficients are of order h n .The possible F^s, j = 
1, . . . , 14 in eq. tloTj) are constrained by the rigid symmetries of the theory, quantum 
numbers and power-counting and have the same structure as the corresponding 
terms in eq. (142ft . They can be reabsorbed by a n-th order redefinition of the field 
renormalization constants Zj, j = 1, . . . , 12 and Zj, j = 1, 2, as it can be seen from 
the first term in the r.h.s. of eq.( l6T|) . The corresponding redefinition of the antifields 
in the second term of eq. floT]) is automatically taken into account by the associated 
antifield redefinition in eq. (I47j) . 

Once the divergences have been symmetrically removed up to order n, the proce- 
dure can be iterated at order n + 1. This completes the proof that indeed renormal- 
ization does not spoil eq. (l39|) and the residual global SU(2) invariance. Therefore 
we conclude that the renormalized theory is unitary in the subspace including the 
transverse degree of freedom of the massive gauge field and the physical scalar Higgs 
mode. 
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